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(57) ABSTRACT 

Amedia sensor 68 includes a cap 85 With a common opening 
85b for restricting the beam spread of light emitted from a 
light-emitting element 82 and the range of light receivable 
by a light-receiving element 83, While suppressing the 
effects of disturbance. Accordingly, the media sensor 68 can 
prevent a decline in detection accuracy While using inex 
pensive elements With loW directivity. Since the light-emit 
ting element 82 and light-receiving element 83 are oriented 
perpendicularly to the paper P, the media sensor 68 is 
superior to sensors equipped With elements disposed at an 
angle to the paper P by avoiding a decline in detection 
accuracy caused by errors in the angular positioning of the 
elements, errors in angular positioning of the sensor itself, 
and the like, and by reducing the space required in the sensor 
to dispose the elements, thereby reducing the siZe of the 
sensor. 

25 Claims, 9 Drawing Sheets 
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FIG.5(a) 
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REFLECTION-TYPE OPTICAL SENSOR, 
CARRIAGE, AND DATA PROCESSING 

DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a re?ection-type optical 

sensor having a light-emitting element and a light-receiving 
element for detecting an object, a carriage capable of mov 
ing over the object to be detected, and a data processing 
device that performs a data control process for the object 
While the object is moved. 

2. Description of Related Art 
A re?ection-type optical sensor such as that disclosed in 

Japanese unexamined patent application publication No. 
HEI-6-222l56 is Well knoWn in the art for detecting objects 
With a light-emitting element and a light-receiving element. 
The light-emitting and light-receiving elements of the re?ec 
tion-type optical sensor are disposed at different angles in 
relation to the object. The light-emitting element emits a 
beam of light at a prescribed incident angle on the object, 
While the light-receiving element detects the presence of the 
object upon receiving light re?ected from the object. 

In order that light emitted from the light-emitting element 
can be reliably re?ected onto the light-receiving element, the 
re?ection-type optical sensor is con?gured With a light 
emitting element having high directivity (a narroW beam 
spread) and a light-receiving element having high directivity 
(narroW light receiving angle) 

SUMMARY OF THE INVENTION 

The re?ection-type optical sensor can detect an object by 
being mounted on a carriage, for example, that is con?gured 
to move over the object. The re?ection-type optical sensor 
can also be used in a data processing device that performs a 
data control process for the object, When the object is moved 
by some moving mechanism. 

HoWever, in the re?ection-type optical sensor of the 
aforementioned publication, a slight variation in the incident 
angle of emitted light can cause a large change in the angle 
of re?ected light, making it impossible for the light-receiv 
ing element to receive the re?ected light. Therefore, the 
positions (angles) at Which the light-emitting element and 
light-receiving element are disposed in relation to the object 
must be set precisely so that the incident angle of the 
light-emitting element is equivalent to the receiving angle of 
the light-receiving element. HoWever, even a slight error in 
positioning can greatly in?uence errors in detection, and it 
is di?icult to position the elements precisely. 

Alternatively, there exist in the art a light-emitting ele 
ment and light-receiving element having loW directivity (a 
Wide beam spread of emitted light and a Wide receiving 
angle) that are inexpensive and alloW greater error in the 
positioning angles. If a re?ection-type optical sensor Were 
con?gured of these light-emitting and light-receiving ele 
ments, this conceivable re?ection-type optical sensor can 
suppress decreases in detection precision caused by errors in 
the angular positioning and can be provided at a loWer cost. 

HoWever, the conceivable re?ection-type optical sensor 
con?gured of light-emitting and light-receiving elements 
having loW directivity is capable of detecting an object over 
a Wide area. This reduces detection accuracy When the 
desired area of detection is narroWer. More speci?cally, the 
conceivable re?ection-type optical sensor using elements 
With loW directivity are strongly affected by disturbance 
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2 
light re?ected from regions outside the desired area of 
detection due to the Wide spread of the beam emitted from 
the light-emitting element and the broad angle of reception 
by the light-receiving element. This disturbance may loWer 
the detection accuracy of the re?ection-type optical sensor. 
A carriage or a data processing device con?gured With 

this re?ection-type optical sensor has loWer detection accu 
racy due to the effects of disturbance in areas outside the 
desired detection area. Accordingly, the carriage or data 
processing device has poor accuracy When detecting posi 
tioning of the object. 

Further, When the light-emitting element and light-receiv 
ing element are positioned facing the object from differing 
angles, the re?ection-type optical sensor With this construc 
tion has to be con?gured With a larger capacity in order to 
ensure enough internal space for accommodating this 
arrangement of elements. When the sensor is larger the 
number of applications for the sensor becomes limited due 
to the limited available space for installing the sensor, for 
example. 

In vieW of the foregoing, it is an object of the present 
invention to provide a re?ection-type optical sensor capable 
of suppressing a reduction in detection accuracy due to 
errors in the angular positioning of the elements, While 
keeping costs doWn, and capable of suppressing a reduction 
in detection accuracy due to external disturbances, While 
being manufactured at a reduced siZe. 

It is another object of the present invention to provide a 
carriage and a data processing device provided With this type 
of re?ection-type optical sensor. 

In order to attain the above and other objects, the present 
invention provides a re?ection-type optical sensor for 
detecting an object, the sensor comprising: a light-emitting 
element having a central axis extending in a predetermined 
direction that extends substantially normal to a surface of an 
object to be detected and having a light-emitting portion that 
emits a detecting light onto the surface of the object, the 
detecting light traveling toWard the surface of the object to 
de?ne an irradiated region on the object; a light-receiving 
element having a central axis extending parallel With the 
central axis of the light-emitting element and having a 
light-receiving portion that receives a re?ected light that has 
re?ected off a re?ecting region on the object, the re?ecting 
region and the irradiated region overlapping at an overlap 
ping region on the surface of the object; and a restricting 
member having a restricting portion de?ning an opening that 
alloWs a part of the detecting light and a part of the re?ected 
light to pass therethrough, the restricting portion restricting 
a siZe of the opening to reduce an area of the overlapping 
region on the surface of the object. 

According to another aspect, the present invention pro 
vides a carriage for moving over an object and for detecting 
the object, the carriage comprising: a moving member that 
moves over the object; and a detecting unit that is provided 
on the moving member and that detects the object to 
determine a position of the object, the detecting unit includ 
ing a re?ection-type optical sensor, the re?ection-type opti 
cal sensor including: a light-emitting element having a 
central axis extending in a predetermined direction that 
extends substantially normal to a surface of the object to be 
detected and having a light-emitting portion that emits a 
detecting light onto the surface of the object, the detecting 
light traveling toWard the surface of the object to de?ne an 
irradiated region on the object, a light-receiving element 
having a central axis extending parallel With the central axis 
of the light-emitting element and having a light-receiving 
portion that receives a re?ected light that has re?ected off a 
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re?ecting region on the object, the re?ecting region and the 
irradiated region overlapping at an overlapping region on the 
surface of the object; and a restricting member having a 
restricting portion de?ning an opening that alloWs a part of 
the detecting light and a part of the re?ected light to pass 
therethrough, the restricting portion restricting a siZe of the 
opening to reduce an area of the overlapping region on the 
surface of the object. 

According to another aspect, the present invention pro 
vides a data processing device, comprising: a moving mem 
ber that moves over an object; a detecting unit that moves 
together With the moving member and that detects the 
object, the detecting unit including a re?ection-type optical 
sensor for detecting an edge of the object, the re?ection-type 
optical sensor including: a light-emitting element having a 
central axis extending in a predetermined direction that 
extends substantially normal to a surface of the object to be 
detected and having a light-emitting portion that emits a 
detecting light onto the surface of the object, the detecting 
light traveling toWard the surface of the object to de?ne an 
irradiated region on the object; a light-receiving element 
having a central axis extending parallel With the central axis 
of the light-emitting element and having a light-receiving 
portion that receives a re?ected light that has re?ected off a 
re?ecting region on the object, the re?ecting region and the 
irradiated region overlapping at an overlapping region on the 
surface of the object; and a restricting member having a 
restricting portion de?ning an opening that alloWs a part of 
the detecting light and a part of the re?ected light to pass 
therethrough, the restricting portion restricting a siZe of the 
opening to reduce an area of the overlapping region on the 
surface of the object; a movement control unit controlling 
the moving member to move reciprocally; an object moving 
unit moving the object in a direction different from the 
direction, in Which the movement control unit controls the 
moving member to move; and a process executing unit that 
is moved together With the moving member and that per 
forms, based on detection results obtained by the detecting 
unit, a data control process including at least one of a data 
adding process for adding data to the object and a data 
acquiring process for acquiring data from the object. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings; 
FIG. 1 is a perspective vieW shoWing a multifunction 

device equipped With a printer function, copier function, 
scanner function, facsimile function, and telephone func 
tion; 

FIG. 2 is a plan vieW shoWing the internal construction of 
a printer provided in the multifunction device; 

FIG. 3 is a block diagram shoWing the electrical con?gu 
ration of a control process unit provided in the multifunction 
device; 

FIG. 4 is an explanatory diagram shoWing the cross 
sectional structure of a media sensor mounted on a carriage 

(print head) provided in the multifunction device; 
FIG. 5(a) is an explanatory diagram shoWing a target 

detection area of the media sensor; 
FIG. 5(b) is an explanatory diagram shoWing a target 

detection area of a main sensor unit; 

FIG. 6(a) is an explanatory diagram shoWing a target 
detection area of the media sensor When the light-emitting 
element and light-receiving element are aligned With a ?rst 
scanning direction; 

FIG. 6(b) is a graph shoWing the Waveform of sensor 
output for paper edge detection When the media sensor is 
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4 
moved in the ?rst scanning direction that is equivalent to the 
direction in Which the light-emitting element and light 
receiving element are aligned; 

FIG. 6(c) is a graph shoWing the Waveform of sensor 
output for paper edge detection When the media sensor is 
moved in a second direction that is perpendicular to the 
direction in Which the light-emitting element and light 
receiving element are aligned; 

FIG. 6(d) is an explanatory diagram shoWing a target 
detection area of the media sensor When the light-emitting 
element and light-receiving element are aligned With the 
second scanning direction; 

FIG. 7 is a graph shoWing values of sensor output that 
Were measured While the inner diameter of an opening 
formed in the cap member Was varied; 

FIG. 8 is an explanatory diagram shoWing the cross 
sectional structure of a modi?cation of the media sensor that 
is provided With a modi?cation of the cap member that has 
tWo openings; and 

FIG. 9 is an explanatory diagram shoWing a target detec 
tion area of the media sensor of FIG. 8. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

A re?ection-type optical sensor, a carriage, and a data 
processing device according to a preferred embodiment of 
the present invention Will be described While referring to the 
accompanying draWings Wherein like parts and components 
are designated by the same reference numerals to avoid 
duplicating description. 

FIG. 1 is a perspective vieW of a multifunction device 1 
of the preferred embodiment, to Which the present invention 
is applied. The multifunction device has a printer function, 
a copier function, a scanner function, a facsimile function, a 
telephone function, and the like. 
As shoWn in FIG. 1, a paper supplying unit 2 is provided 

in the rear section of the multifunction device 1. An inkjet 
printer 3 is provided in front of and beloW the paper 
supplying unit 2. A scanning unit 4 for implementing the 
copier function and facsimile function is provided above the 
printer 3. A discharge tray 5 is provided on the front side of 
the printer 3. An operating panel 6 is provided on the top 
surface on the front end of the scanning unit 4. 
The paper supplying unit 2 includes a sloped Wail section 

66 for maintaining paper in a sloped posture, and an 
extended paper guide plate 67 detachably mounted on the 
Wall section 66. A plurality of sheets of paper can be stacked 
in the paper supplying unit 2. A paper feed motor 65 (see 
FIG. 3), a feeding roller (not shoWn) and the like are built 
into the Wall section 66. When driven to rotate by the paper 
feed motor 65, the feeding roller conveys a sheet of paper 
toWard the printer 3. 

Next the printer 3 Will be described in greater detail. FIG. 
2 is a plan vieW shoWing the internal construction of the 
printer 3. 
As shoWn in FIG. 2, the printer 3 includes a print head 10, 

a carriage 11, a guide mechanism 12, a carriage moving 
mechanism 13, a paper conveying mechanism 14, and a 
maintenance mechanism 15 for the print head 10. The print 
head 10 is mounted on the carriage 11. The guide mechanism 
12 supports and guides the carriage 11 so that the carriage 11 
can move reciprocally in a scanning direction, Which is the 
left-to-right direction in FIG. 2. The carriage moving mecha 
nism 13 moves the carriage 11 in the left-to-right direction. 
The paper conveying mechanism 14 conveys paper supplied 
by the paper supplying unit 2. 
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A rectangular frame 16 that is long in the left-to-right 
dimension and that is short in the front-to-rear direction is 
provided in the printer 3. Various components are mounted 
on the rectangular frame 16, including the guide mechanism 
12, carriage moving mechanism 13, paper conveying 
mechanism 14, and maintenance mechanism 15. The print 
head 10 and carriage 11 are also accommodated inside the 
rectangular frame 16 so as to be capable of moving recip 
rocally left and right. 

The rectangular frame 16 includes a rear plate 16a and a 
front plate 16b. A paper introducing opening and paper 
discharging opening (not shoWn) are formed in the rear plate 
16a and front plate 16b, respectively. Paper supplied by the 
paper supplying unit 2 is introduced into the rectangular 
frame 16 via the paper introducing opening, conveyed to the 
front of the rectangular frame 16 by the paper conveying 
mechanism 14, and discharged through the paper discharg 
ing opening onto the discharge tray 5 (FIG. 1) on the front 
of the multifunction device 1. A black platen 17 having a 
plurality of ribs is mounted on the bottom surface of the 
rectangular frame 16. The print head 10 performs a printing 
operation on paper inside the rectangular frame 16 as the 
paper moves over the black platen 17. 

The print head 10 is provided With four sets of ink noZZles 
l0ail0d that point doWnWard. Paper is printed on by 
ejecting four colors (black, cyan, yelloW, and magenta) of 
ink doWnWard through these sets of ink noZZles l0ail0d. 
Since the four sets of ink noZZles l0ail0d are disposed on 
the bottom side of the print head 10, their positions are 
represented by broken lines in FIG. 2. 

Ink cartridges 2lai2ld for each of the four colors are 
mounted in a cartridge holder 20 on the front side of the 
rectangular frame 16. The ink cartridges 2lai2ld are con 
nected to the print head 10 via four ?exible ink tubes 
22ai22d that pass through the rectangular frame 16 in order 
to supply ink of each of the four colors to the print head 10. 

Left and right ?exible printed circuits (FPC) 23 and 24 are 
disposed inside the rectangular frame 16. The left FPC 23 
extends together With the ?exible ink tube 22a and ?exible 
ink tube 22b and connects to the print head 10. The right 
FPC 24 extends together With the ?exible ink tube 220 and 
?exible ink tube 22d and connects to the print head 10. The 
left FPC 23 and right FPC 24 include a plurality of signal 
lines that electrically connect the print head 10 to a control 
process unit 70 (shoWn in FIG. 3) described later. 

The guide mechanism 12 has a guide shaft 25 and a guide 
rail 26. The guide shaft 25 extends left-to-right in the back 
part of the rectangular frame 16. The left and right ends of 
the guide shaft 25 are coupled With a left plate 160 and a 
right plate 16d, respectively, of the rectangular frame 16. 
The guide rail 26 extends left-to-right in the front part of the 
rectangular frame 16. The rear end of the carriage 11 is ?tted 
over the guide shaft 25 so as to be capable of sliding along 
the same, While the front end of the carriage 11 is engaged 
With the guide rail 26 and capable of sliding along the same. 

The carriage moving mechanism 13 includes a carriage 
motor 30, a drive pulley 31, a folloW pulley 32, and a belt 
33. The carriage motor 30 is mounted on the rectangular 
frame 16 at the rear side of the rear plate 1611 on the right end 
and facing front. The drive pulley 31 is rotatably supported 
on the right end of the rear plate 16a and is driven to rotate 
by the carriage motor 30. The folloW pulley 32 is rotatably 
supported on the left end of the rear plate 16a. The belt 33 
is looped around the pulleys 31 and 32 and ?xed to the 
carriage 11. A carriage conveyance encoder 39 is disposed 
near the carriage motor 30 for detecting movement (posi 
tion) of the carriage 11 (print head 10). 
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6 
The paper conveying mechanism 14 includes a paper 

conveying motor 40, a registration roller 41, a drive pulley 
42, a folloW pulley 43, and a belt 44. The paper conveying 
motor 40 is mounted facing leftWard on the portion of the 
left plate 160 that protrudes further rearWard than the rear 
plate 16a. The registration roller 41 extends in the left-to 
right direction in the rectangular frame 16 beloW the guide 
shaft 25. The left and right ends of the registration roller 41 
are rotatably supported in the left plate 160 and right plate 
16d, respectively. The drive pulley 42 is driven to rotate by 
the paper conveying motor 40. The folloW pulley 43 is 
coupled to the left end of the registration roller 41. The belt 
44 is looped around the pulleys 42 and 43. When the paper 
conveying motor 40 is driven, the registration roller 41 
rotates and conveys paper on the platen 17 in the rear-to 
front direction. While the registration roller 41 is empha 
siZed in FIG. 2, the registration roller 41 is actually disposed 
beneath the guide shaft 25. 

The paper conveying mechanism 14 further includes a 
discharge roller 45, a folloW pulley 46, a folloW pulley 47, 
and a belt 48. The discharge roller 45 extends in the 
left-to-right direction in the front section of the rectangular 
frame 16. The left and right ends of the discharge roller 45 
are rotatably supported in the left plate 10 and right plate 
16d, respectively. The folloW pulley 46 is integrally pro 
vided With the folloW pulley 43. The folloW pulley 47 is 
coupled to the left end of the discharge roller 45. The belt 48 
is looped around the pulleys 46 and 47. When the paper 
conveying motor 40 is driven, the discharge roller 45 rotates 
and discharges paper toWard the discharge tray 5 in the front 
of the multifunction device 1. 

An encoder disk 51 is ?xed to the folloW pulley 43. A 
photo interrupter 52 having a light-emitting unit and a 
light-receiving unit is mounted on the left plate 160 such 25 
that the encoder disk 51 is interposed betWeen the light 
emitting unit and light-receiving unit. The encoder disk 51 
and photo interrupter 52 together make up a paper convey 
ance encoder 50. The control process unit 70 described later 
controls the driving of the paper conveying motor 40 based 
on detection signals from the paper conveyance encoder 50 
(more speci?cally, from the photo interrupter 52). 
The maintenance mechanism 15 includes a Wiper 15a, 

tWo caps 15b, and a drive motor 150. The Wiper 15a Wipes 
the surface of the print head 10. Each of the caps 15b can 
hermetically seal tWo sets of the ink noZZles 10114001. The 
drive motor 150 drives both of the Wiper 15a and caps 15b. 
The Wiper 15a, caps 15b, and drive motor 150 are mounted 
on a mounting plate 15d. The mounting plate 15d is ?xed to 
the loWer surface side of the bottom plate of the rectangular 
frame 16 at its right portion. Since the caps 15b are disposed 
on the bottom side of the print head 10, dotted lines indicate 
the positions of the caps 15b on the opposite side in FIG. 2. 

As shoWn in FIG. 2, a media sensor 68 is provided on the 
left end of the print head 10 as a doWnstream sensor for 
detecting the leading edge, trailing edge, and WidthWise 
edges of the paper. The media sensor 68 is a re?ection-type 
optical sensor that includes a light-emitting element 82 
(light-emitting diode) having a light-emitting portion 82a 
and a light-receiving unit 83 (phototransistor) having a 
light-receiving portion 8311 as shoWn in FIG. 4. The media 
sensor 68 is mounted face doWn on a sensor mounting unit 
10e that protrudes to the left side of the print head 10. The 
media sensor 68 moves in the carriage-moving direction 
When the carriage 11 moves in the carriage-moving direc 
tion. When the media sensor 68 is located above an area 
inside the paper P, the media sensor 68 confronts the sheet 
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of paper P. When the media sensor 68 is located above the 
area outside the paper P, the media sensor 68 confronts the 
platen 17. 

In addition, a registration sensor 69 (see FIG. 3) is 
disposed upstream (rearward) of the media sensor 68 in the 
paper conveying direction as the upstream sensor for detect 
ing the existence of paper and the leading edge and trailing 
edge of the paper. More speci?cally, the registration sensor 
69 is mounted in the front end of a top cover (not shoWn) 
provided in the paper supplying unit 2 that forms a convey 
ing path in the paper supplying unit 2. 

The registration sensor 69 can be con?gured, for example, 
by a mechanical sensor having a probe, a photo interrupter, 
and a torsion spring. The probe protrudes into the paper 
conveying path and rotates When contacted by the paper. The 
photo interrupter includes a light-emitting unit and a light 
receiving unit for detecting rotation of the probe. The torsion 
spring urges the probe into the paper conveying path. A 
shielding part is integrally provided on the probe. When the 
probe is rotated by contact from paper, the shielding part 
becomes positioned in regions outside the area betWeen the 
light-emitting unit and the light-receiving unit of the photo 
interrupter. Therefore, When light is transmitted from the 
light-emitting unit to the light-receiving unit, the registration 
sensor 69 is in an ON state. Since the probe is urged into the 
paper conveying path by the torsion spring When paper is not 
being conveyed, the shielding part becomes positioned 
betWeen the light-emitting unit and light-receiving unit of 
the photo interrupter at this time. Hence, the shielding part 
interrupts the transmission of light from the light-emitting 
unit to the light-receiving unit, placing the registration 
sensor 69 in an OFF state. 

Next, the control process unit 70 Will be described in 
greater detail. FIG. 3 is a block diagram shoWing the electric 
con?guration of the control process unit 70. 
As shoWn in FIG. 3, the control process unit 70 includes 

a microcomputer having a CPU 71, a ROM 72, a RAM 73, 
and an EEPROM 74. The registration sensor 69, media 
sensor 68, paper conveyance encoder 50, operating panel 6, 
carriage conveyance encoder 39, and the like are electrically 
connected to the control process unit 70. 

Also electrically connected to the control process unit 70 
are drive circuits 76ai76c, and a print head drive circuit 76d. 
The drive circuits 76ai76c drive the paper feed motor 65, 
the paper conveying motor 40, and the carriage motor 30, 
respectively. The print head drive circuit 76d drives the print 
head 10. The control process unit 70 is also capable of being 
connected to a personal computer 77. 

Based on results from the media sensor 68 for detecting 
a paper P, the control process unit 70 outputs a carriage 
control command signal to the carriage moving mechanism 
13 for moving the relative position of the carriage 11 With 
resepct to the paper P closer to a target relative position that 
is determined based on a printing content to be printed. The 
carriage moving mechanism 13 drives the carriage motor 30 
based on the received carriage control command signals in 
order to move the carriage 11 reciprocally along the guide 
shaft 25 so that the relative position of the carriage 11 With 
respect to the paper P approach the target relative position. 

Next, the structure of the media sensor 68 Will be 
described in more detail. FIG. 4 is an explanatory diagram 
shoWing the cross-sectional structure of the media sensor 68 
mounted on the print head 10 (carriage 11). The vieW of the 
media sensor 68 in FIG. 4 is from the rear side of the printer 
3. 
As shoWn in FIG. 4, the media sensor 68 includes: a main 

sensor unit 80 and a cap 85. The main sensor unit 80 is in 
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a cylindrical shape, and has a light-emitting element 82, a 
light-receiving element 83, and a ?lling material 81. The cap 
85 has a cylindrical shape that is capable of accommodating 
the main sensor unit 80. The main sensor unit 80 is mounted 
inside the cap 85. The cap 85 has a bottom Wall portion 85a. 

The light-emitting element 82 is substantially cylindrical 
in shape having a central axis 820 and having an outer 
diameter of 2.2 mm. The light-emitting element 82 has one 
axial end (the bottom end in FIG. 4) that is formed in a 
hemispherical shape. The light-emitting element 82 has an 
emission portion 82a on the hemispherical bottom end. The 
emission portion 82a is located substantially on the central 
axis 820. The light-emitting element 82 has loW directivity. 
That is, the emission portion 82a emits a detecting light in 
a broad angle. (The emission angle corresponds to the 
directivity.) The emission portion 82a emits a detecting light 
doWnWardly, that is, in a direction toWard the platen 17 at the 
broad emitting angle. The light emitted from the emission 
portion 820 therefore travels in a direction along the central 
axis 820 toWard the platen 17 While being spread With an 
amount of the emitting angle. When the sheet of paper P is 
located beloW the media sensor 68 and on the platen 17, the 
emission portion 82a emits a detecting light toWard the 
paper P at the broad emitting angle. The light emitted from 
the emission portion 820 travels in a direction along the 
central axis 820 toWard the paper P While being spread With 
an amount of the emitting angle. 

The light-receiving element 83 is substantially cylindrical 
in shape having a central axis 830 and having an outer 
diameter of 2.2 mm. The light-receiving element 83 has one 
axial end (the bottom end in FIG. 4) that is formed in a 
hemispherical shape. The light-receiving element 83 has a 
light-receiving portion 8311 on the hemispherical bottom 
end. The light-receiving portion 83a is located substantially 
on the central axis 830. The light-receiving element 83 has 
loW directivity. That is, the light-receiving portion 83a 
receives light over a broad angle. (The light-receiving angle 
corresponds to the directivity.) The light-receiving portion 
83a receives external light over the broad light-receiving 
angle. When no paper P is located beloW the media sensor 
68, the light-receiving portion 83a receives light that is 
re?ected off the platen 17 and that travels and reaches the 
light-receiving portion 83a in a direction that is included 
Within the light-receiving angle of the light-receiving ele 
ment 83 around the central axis 830. When the paper P is 
located beloW the media sensor 68, the light-receiving 
portion 83a receives light that is re?ected off the paper P and 
that travels and reaches the light-receiving portion 83a in a 
direction that is included Within the light-receiving angle of 
the light-receiving element 63 around the central axis 830. 

The light-emitting element 82 and light-receiving element 
83 are disposed such that their central axes 82c and 830 are 
substantially parallel to each other and are substantially 
perpendicular to or normal to the upper surface (detecting 
surface) of the platen 17. When the paper P is located on the 
platen 17, the central axes 82c and 830 are substantially 
perpendicular to or normal to the upper surface (detecting 
surface) of the paper P. 

In this example, the ?lling material 81 is made of resin 
that has light-shielding property, and has an end surface 8111 
at its bottom portion. For example, the ?lling material 81 is 
made of color resin. The light-emitting element 82 and 
light-receiving element 83 are supported by the ?lling 
material 81 With the centers of the emission portion 82a and 
the light-receiving portion 8311 being exposed on the end 
surface 81a. The emission portion 82a and light-receiving 
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portion 83a are disposed in the cap 85 With their centers 
being positioned on the end surface 81a With a gap of 2.8 
mm therebetWeen. 

As mentioned above, the cap 85 has the bottom Wall 
portion 8511. In addition, a common opening 85b is formed 
through the bottom Wall portion 85a to allow the passage of 
detecting light and re?ected light. The bottom Wall portion 
85a is formed so as to reduce the area of overlap betWeen the 
area on the platen 17 (or the paper P) on Which detecting 
light from the light-emitting portion 82a is irradiated and the 
area on the platen 17 (or the paper P) from Which re?ected 
light can be received by the light-receiving portion 83a. The 
common opening 85b is circular in shape having an inner 
diameter Xc of 3.0 mm. The bottom Wall portion 8511 has a 
thickness Xd of 1.0 mm. An interior gap Xa betWeen an 
inner surface of the bottom Wall portion 85a and the end 
surface 81a of the ?llter material 81 (the light-emitting 
portion 82a and the light-receiving portion 83a) is set to 5.0 
mm. In other Words, the gap betWeen the inner surface of the 
bottom Wall portion 85a and the light-emitting portion 82a, 
and the gap betWeen the inner surface of the bottom Wall 
portion 85a and the light-receiving portion 8311 are equal to 
each other and are set to 5.0 mm. 

The media sensor 68 is mounted on the sensor mounting 
unit 10e of the print head 10. An outer gap Xb from the outer 
surface of the bottom Wall portion 85a to an imaginary 
plane, on Which the platen 17 and the sheet of paper P are 
located, is 5.0 mm. The media sensor 68 is mounted on the 
sensor mounting unit 10e such that the center of the common 
opening 85b is aligned With an imaginary line 850 that is 
perpendicular to or normal to the surface of the platen 17 
(the surface of the paper P) and that extends from the 
approximate center of a line segment L0 that connects the 
center of the emission portion 82a to the center of the 
light-receiving portion 83a. 

Next, the siZe of the region in Which an object is detect 
able (target detection area) by the media sensor 68 Will be 
described With reference to FIGS. 5(a) and 5(b). The 
description Will shoW the difference in the siZe of this target 
detection area When the main sensor unit 80 is combined 
With the cap 85 into the media sensor 68, and When the main 
sensor unit 80 is not covered by the cap 85. 

FIG. 5(a) is an explanatory diagram illustrating a target 
detection area S1 of the media sensor 68 (combination of the 
main sensor unit 80 and the cap 85). FIG. 5(b) is an 
explanatory diagram illustrating a target detection area S2 of 
the main sensor unit 80, per se. 
As shoWn in FIG. 5(b), in the standalone main sensor unit 

80, the target detection area S2 is de?ned as a region in 
Which an irradiation area S2a of detecting light irradiated by 
the light-emitting element 82 overlaps a light-receiving area 
S2b from Which re?ected light can be received by the 
light-receiving element 83. The irradiation area S211 is 
determined dependently on the directivity (emission angle) 
of the light-emitting element 82, While the light-receiving 
area S2b is determined dependently on the directivity (light 
receiving angle) of the light-receiving element 83. The target 
detection area S2, the irradiation area S211, and the light 
receiving area S2b are de?ned on the imaginary plane, on 
Which the sheet of paper P and the platen 17 are located. 
As shoWn in FIG. 5(a), the target detection area S1 is 

de?ned as an area in Which an irradiation area Sla of 

detecting light that is irradiated by the light-emitting element 
82 and that is restricted by the common opening 85b 
overlaps a light-receiving area S1b from Which re?ected 
light regulated by the common opening 85b can be received 
by the light-receiving element 83. The target detection area. 
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10 
S1, the irradiation area S111, and the light-receiving area S1b 
are de?ned on the imaginary plane, on Which the sheet of 
paper P and the platen 17 are located. 

Since the media sensor 68 is provided With the cap 85 for 
covering the emission portion 82a and light-receiving por 
tion B311, the angular range of light emitted from the 
light-emitting element 82 and the angular range of light that 
can be received by the light-receiving element 83 is 
restricted. As a result, the target detection area S1 of the 
media sensor 68 is smaller than the target detection area S2 
of the main sensor unit 80. 
When an intended area of detection (desired detection 

area) is small, the larger the target detection area of the 
sensor, the more the sensor is susceptible to the in?uence of 
disturbance outside the desired detection area and, thus, the 
greater the detection error and the less the detection accu 
racy. When detecting the edge of the paper P, the desired 
detection area is a boundary line betWeen the paper P and the 
area outside the paper P (black platen 17), Which is an 
extremely small area. 
As illustrated in FIGS. 5(a) and 5(b), the media sensor 68 

can reduce the target detection area S1 to an area smaller 
than that of the target detection area S2 of the standalone 
main sensor unit 80. Therefore, the media sensor 68 can 
prevent a decline in detection accuracy for the application of 
detecting the edge of the paper P. 

Further, the media sensor 68 is mounted on the sensor 
mounting unit 10e of the print head 10 such that the 
light-emitting element 62 and light-receiving element 83 are 
aligned With the scanning direction (direction of movement) 
of the carriage 11. 

Next, the shape of the target detection area S1 Will be 
described in more detail With reference to FIGS. 6(a)*6(c). 

FIG. 6(a) shoWs the target detection area S1 of the media 
sensor 68, along With the irradiation area Sla for detecting 
light emitted by the light-emitting element 82 and the 
light-receiving area S1b of the light-receiving element 83. 
The light-emitting element 82 and the light-receiving ele 
ment 83 are aligned With a ?rst scanning direction in FIG. 
6(a). The target detection area S1 is substantially elliptical in 
shape having a siZe (Width) LW in the direction (left-to-right 
in the draWing), in Which the light-emitting element 82 and 
the light-receiving element 83 are aligned, and another siZe 
(length) Lh in another direction (top-to-bottom in the draW 
ing) that is perpendicular to the direction, in Which the 
light-emitting element 82 and the light-receiving element 83 
are aligned. The Width LW is shorter than the length Lh. In 
other Words, the target detection area 51 has the Width LW 
in the ?rst scanning direction and the length Lh in a second 
scanning direction that is perpendicular to the ?rst scanning 
direction. 

FIG. 6(b) is a graph shoWing the Waveform (?rst sensor 
output Waveform) of sensor output (output of the light 
receiving element 83) for detecting the edge of the paper P 
When the media sensor 68 is moved along the ?rst scanning 
direction (FIG. 6(a)) in Which the light-emitting element 82 
and light-receiving element 83 are disposed. FIG. 6(c) is a 
graph shoWing the Waveform (second sensor output Wave 
form) of sensor output (output of the light-receiving element 
83) for detecting the edge of the paper P When the media 
sensor 68 is moved in the second scanning direction (FIG. 
6(a)) that is perpendicular to the ?rst scanning direction in 
Which the light-emitting element 82 and light-receiving 
element 83 are disposed. In the graphs of both of FIG. 6(b) 
and FIG. 6(c), the vertical axis indicates the value for sensor 
output (voltage), While the horiZontal axis represents the 
amount of movement of the media sensor 68. 
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The media sensor 68 has a characteristic that the output 
value of the sensor (voltage) grows larger as the color of the 
object in the target detection area S1 approaches White and 
groWs smaller as the color of the object approaches black. 
Accordingly, the output of the media sensor 68 sWitches to 
HIGH level When the paper P is located on the target 
detection area S1 and LOW level When the paper P is not 
located on the target detection area S1 but the black platen 
17 is located on the target detection area S1. In other Words, 
the output of the media sensor 68 sWitches to HIGH level 
When the paper p is detected and LOW level When the paper 
P is not detected but the black platen 17 is detected. 
HoWever, When both the paper P and the black platen 17 are 
present in the target detection area S1, the sensor output 
value varies according to the percentage of area occupied by 
each. 
As the Width of the interval (distance) in Which the sensor 

output varies betWeen LOW level and HIGH level increases, 
the sensor response becomes sloWer and the error for paper 
edge detection increases. 
As shoWn in FIGS. 6(b) and 6(0), an output variation 

interval W1 for the ?rst sensor output Waveform is smaller 
than an output variation interval W2 for the second sensor 
output Waveform. Hence, When detecting an edge of the 
paper P using the media sensor 68, detection errors can be 
suppressed by moving the media sensor 68 in the ?rst 
scanning direction, in Which the light-emitting element 82 
and the light-receiving element 83 are aligned, and not in the 
second scanning direction. 

In the preferred embodiment, in order to dectect the left 
and right edges of the paper P, the light-emitting element 82 
and the light-receiving element 83 of the media sensor 68 are 
aligned With the scanning direction of the carriage 11. That 
is, the light-emitting element 82 and the light-receiving 
element 83 are aligned With the carriage-scanning direction 
(?rst scanning direction of FIG. 6(a)), and are scanned in the 
carriage-scanning direction (?rst scanning direction of FIG. 
6(a)). This arrangement reduces detection errors by decreas 
ing the Width of the output variation interval as shoWn in 
FIG. 6(b). 

It is noted that if the media sensor 68 having the light 
emitting element 82 and the light-receiving element 83 
arranged in the ?rst scanning direction (carriage moving 
direction) Were used to detect the leading and trailing edges 
of the paper P, Which is conveyed in the second scanning 
direction, the Width of the output variation interval Will 
increase as shoWn in FIG. 6(c), thereby increasing the 
detection error. Accordingly, if it is desired to detect the 
leading and trailing edges of the paper P by the media sensor 
68 With high accuracy, the light-emitting element 82 and 
light-receiving element 83 should be aligned With the sheet 
conveying direction (second scanning direction) as shoWn in 
FIG. 6(d). 

The present inventor measured sensor output While vary 
ing the inner diameter Xc of the common opening 85b (FIG. 
4). The results of these measurements Will be described 
using the graph of Waveforms shoWn in FIG. 7. In FIG. 7, 
the horiZontal axis represents the amount of movement 
(mm) of the media sensor 68, While the vertical axis repre 
sents the sensor output (V). 

Measurements Were conducted using six types of caps 85 
With varying inner diameters Xc: 2.0 mm, 2.5 mm, 3.0 mm, 
3.5 mm, 4.0 mm, and 5.0 mm. It is noted that the outer 
diameters of the light-emitting element 82 and the light 
receiving element 83 Were each set to 2.2 mm; the distance 
betWeen the centers of the light-emitting portion and the 
light-receiving portion Was 2.8 mm; the thickness Xd of the 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
Wall portion 85d Was 11.0 mm; the distances Xa from the 
light-emitting portion 82 and from the light-receiving por 
tion 83 to the Wall portion 85a each 5.0 mm; and the distance 
Xb from the Wall portion 85a to the sheet of paper P and to 
the platen 17 Was 5.0 mm. The inventor disposed the media 
sensor 68 in a region that is outside the paper P and is aWay 
from the edge of the paper P by 52.8 mm. The inventor then 
conducted measurements by moving the media sensor 68 
from the area outside the paper P (black platen 17) to the 
paper P, While recording sensor output. It is noted that the 
light-emitting element 82 and light-receiving element 83 
Were aligned With the moving direction of the media sensor 
68. In FIG. 7, the position at Which the movement is 52.8 
mm, indicated by the arroW, is the actual position of the edge 
of the paper P. 

Based on the Waveforms of measured values in FIG. 7, the 
Width of the interval in Which the sensor output changes 
from HIGH level to LOW level increases as the inner 
diameter Xc increases. As described above, When the Width 
of the output variation interval increases, sensor response 
sloWs, increasing the error in paper edge detection. Hence, 
it is knoWn that a smaller value of inner diameter Xc is 
preferable. By setting the inner diameter Xc to 3.5 mm or 
less, for example, the output variation interval can be 
restricted to 2 mm or less. At this level, detection errors can 
be decreased suf?ciently to avoid problems in use in the 
printer 3, thereby preventing a drop in detection precision. 
On the other hand, as the inner diameter Xc is set smaller, 

the difference betWeen the sensor output at HIGH level and 
LOW level also groWs smaller. Therefore, it may be impos 
sible to detect variations in the sensor output if the inner 
diameter Xc is set too small. The inner diameter Xc must be 
set large enough to differentiate betWeen the sensor output at 
HIGH level and LOW level. 

For example, When the inner diameter Xc is set to 2.5 mm 
or greater, a difference in sensor output at HIGH level and 
LOW level of 0.5 V or greater can be achieved, enabling 
easy detection of a change in level of sensor output. In this 
Way, a su?iciently large variation in sensor output can be 
attained Without causing problems in using the printer 3, 
thereby preventing a drop in detection precision. 

Based on the results of these measurements, the media 
sensor 68 Will have suf?cient detection precision by forming 
the common opening 85b With an inner diameter Xc Within 
a range of 2.5 to 3.5 mm. Since the inner diameter Xc in the 
preferred embodiment is 3.0 mm, the media sensor 68 has 
suf?cient detection accuracy, and the printer 3 can accurately 
detect the edge of the paper P. 

It is con?rmed by the measurement results that by setting 
the inner diameter Xc Within the range 2.5*3.5 mm, the area 
of variation in sensor output signals (voltage) at the border 
area betWeen the paper P and the region outside the paper P 
can be decreased and at the same time, the difference in 
sensor output signal levels (HIGH level and LOW level) at 
the paper P and the region outside the paper P can be set 
large enough that the tWo are distinguishable. It is noted that 
the area of sensor output signal variation is the output 
variation interval in Which sensor output varies betWeen 
LOW level and HIGH level. By decreasing this area of 
sensor output signal variation, it is possible to distinguish the 
paper P from the area outside the paper P in ?ner units of 
measurement, thereby achieving a high-performance sensor 
With minimum detectable units of measurement. Since the 
paper P can easily be differentiated by setting the difference 
in sensor output signal level for the paper P and the area 
outside the paper P large enough to be distinguishable, the 
present embodiment can prevent a decline in detection 
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accuracy. Accordingly, this re?ection-type optical sensor 68 
can reduce the minimum detectable units of measurement 
and can achieve a high performance capable of suppressing 
a drop in detection accuracy. 
As described above, the media sensor 68 provided in the 

multifunction device 1 (more speci?cally the printer 3) of 
the preferred embodiment includes the cap 85 having the 
common opening 85b. The cap 85 can restrict the angular 
range of light emitted from the light-emitting element 82 and 
the angular range of light receivable by the light-receiving 
element 83 and can suppress the effects of external distur 
bance. Hence, even When employing inexpensive elements 
With loW directivity as the light-emitting element 82 and 
light-receiving element 83, it is possible to prevent a drop in 
detection accuracy for applications having a narroW desired 
detection area. Further, since the bottom Wall portion 85a is 
designed to reduce the overlapping area on the paper P 
betWeen the irradiation area of detecting light and the area 
of light that can be received by the light-receiving element 
83, variations in the amount of re?ected light in the target 
detection area can be satisfactorily detected. Since light 
emitting and light-receiving elements With loW directivity 
are less expensive than those With high directivity, the 
re?ection-type optical sensor 66 of the present embodiment 
can be manufactured at a cost less than media sensors 
equipped With elements having high directivity. 

In the media sensor 66 of the preferred embodiment, the 
light-emitting element 82 and light-receiving element 83 are 
disposed With their central axes 82c and 830 extending 
parallel With each other and in a direction perpendicular to 
the surface of the paper P (the detecting surface) and not in 
a direction slanted in relation to the paper P (object of 
detection). This con?guration reduces the amount of varia 
tion in the angle of re?ected light caused by changes in the 
angle of detecting light incident on the paper P in compari 
son to sensors having elements disposed at a slant to the 
paper P. Hence, the present embodiment can suppress a 
decline in detection accuracy caused by error in the angle at 
Which the light-emitting element and light-receiving ele 
ment are disposed, and error in the angle at Which the media 
sensor 68 is disposed. 
By disposing the light-emitting element 82 and the light 

receiving element 83 With their central axes 82c, 83c extend 
ing parallel to each another, the area in Which the elements 
82 and 83 are disposed in the media sensor 68 can be made 
smaller than When the elements are arranged at a slant. 

Accordingly, the media sensor 68 of the preferred 
embodiment can prevent reductions in detection accuracy 
caused by errors in positioning angles and can keep costs 
loW. The media sensor 68 can also prevent a decline in 
detection accuracy caused by external disturbance and can 
be produced at an even smaller siZe. 

Further, by disposing the light-emitting element 82 and 
the light-receiving element 83 With their central axes 82c, 
83c extending parallel to each other, the distance of the paths 
along Which the detecting light and re?ected light travel can 
be made shorter than When disposing the elements at a slant, 
thereby reducing the degree at Which the re?ected light 
attenuates on the traveling path prior to reaching the light 
receiving element 83. Hence, even the light-receiving ele 
ment 83 With loW directivity can satisfactorily receive 
re?ected light, While preventing a decline in accuracy for 
detecting the paper P. 

The media sensor 68 is con?gured by disposing the 
light-emitting element 82 and the light-receiving element 83 
such that the distance from the emission portion 82a to the 
common opening 85b is approximately equal to the distance 
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from the light-receiving portion 83a to the common opening 
85b. This con?guration prevents the light-emitting element 
82 and the light-receiving element 83 from obstructing the 
passage of detecting light and re?ected light. If the distance 
from the emission portion 82a to the common opening 85b 
Were different from the distance from the light-receiving 
portion 83a to the common opening 85b, either the light 
receiving element 83 Will be disposed on the propagating 
path of the detecting light and Will block the passage of 
detecting light, or the light-emitting element 82 Will be 
disposed on the propagating path of the re?ected light and 
Will block the passage of re?ected light. In contrast, accord 
ing to the present embodiment, When the distance from the 
emission portion 82a to the common opening 85b is sub 
stantially equal to the distance from the light-receiving 
portion 83a to the common opening 85b, the light-receiving 
element 83 is not at a position blocking the passage of 
detecting light and the light-emitting element 82 is not at a 
position blocking the passage of re?ected light because the 
light-emitting element 82 and light-receiving element 83 are 
juxtaposed. Therefore, the media sensor 68 enables the 
light-receiving element 83 to continuously receive re?ected 
light, thereby preventing a decline in detection accuracy. 
The media sensor 68 is also con?gured such that the 

center of the common opening 85b is disposed along the 
imaginary line 850 that extends perpendicular to the surface 
of the paper P and that extends from the approximate center 
of the line segment L0 that connects the emission portion 
82a and the light-receiving portion 83a. 

Accordingly, the shortest path from the light-emitting 
element 82 to the light-receiving element 83 via the paper P 
(in other Words, among the propagating paths of detecting 
light and re?ected light) falls Within the target detection area 
S1. When the propagating paths are shortest, it is possible to 
minimiZe attenuation of the detecting light and re?ected 
light, thereby suppressing the reduction in the amount of the 
re?ected light received by the light-receiving element 83. 
The carriage 11 is capable of moving along the guide shaft 

25 above the paper P in order to detect the position of the 
paper P (speci?cally the edges of the paper P). The carriage 
11 includes the media sensor 68 on the print head 10 for 
detecting the paper e. As described above, the media sensor 
68 is a small inexpensive sensor With excellent detecting 
accuracy. Hence, by using the media sensor 68 to detect the 
position of the paper P, this carriage 11 can suppress such 
adverse effects as error in the angle at Which the media 
sensor 68 is disposed and can improve the accuracy in 
detecting the position of the paper P. Since the media sensor 
68 is also inexpensive to produce, the cost of the carriage 11 
can also be reduced. Further, since the media sensor 68 is 
compact, the overall siZe of the carriage 11 can also be made 
smaller. Accordingly, the carriage 11 can detect the position 
of the paper P With good accuracy and can be made small 
and at a loW cost, making the carriage 11 suitable for a Wider 
range of applications. 
The printer 3 of the preferred embodiment is a printing 

device for printing text and graphics on a paper P. During the 
printing process, the carriage moving mechanism 13 
receives commands from the control process unit 70 based 
on detection results from the media sensor 68 in detecting 
the edges of the paper P and moves the carriage 11 and print 
head 10 based on these commands, While the paper convey 
ing mechanism 14 conveys the paper P. 
As described above, the media sensor 68 suppresses such 

adverse effects as error in the angle at Which the media 
sensor 68 is disposed and outside disturbance, thereby 
improving the accuracy in detecting edges of the paper P. 
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Accordingly, the printer 3 can determine the position of the 
print head 10 in relation to the paper P With improved 
accuracy based on the detections by the media sensor 68 
and, hence, can determine the position at Which the printing 
process is performed on the paper P With accuracy. Further, 
since the media sensor 68 can be manufactured in a compact 
siZe and at a loW cost, the cost and siZe of the overall printer 
3 can also be reduced. 

The printer 3 can perform a printing process on the paper 
P With good accuracy, and the siZe and cost of the printer 3 
can be reduced, thereby achieving a data processing appa 
ratus that can be used for a broader range of applications. 

The media sensor 68 is disposed in the printer 3 such that 
the outer gap Xb from the common opening 85b (speci? 
cally the outer surface of the bottom Wall portion 85a) to the 
paper P is approximately equal to the interior gap Xa from 
the emission portion 82a and light-receiving portion 83a to 
the common opening 85b (speci?cally the inner surface of 
the bottom portion 8511). In this Way, the angle at Which 
detecting light and re?ected light can propagate can be set to 
a suitable range, and the target detection area S1 of the 
media sensor 68 can be set to a suitable siZe. In contrast, if 
the distance from the common opening 85b to the paper P is 
excessively shorter or longer than the distance from the 
emission portion 82a and light-receiving portion 83a to the 
common opening 85b, then the angle at Which the detecting 
light and re?ected light can propagate may be set to an 
inappropriate range that could make the target detection area 
S1 too small or too large. 

Since the target detection area S1 can be set to an 
appropriate siZe, the printer 3 can improve accuracy in 
detecting the paper P and can improve the accuracy of the 
data control process for the paper P. 

Since the media sensor 68 is disposed in the printer 3 such 
that the light-emitting element 82 and light-receiving ele 
ment 83 are aligned With the direction in Which the carriage 
11 moves reciprocally, the portion of the target detection 
area S1 through Which the paper P passes is shortened, 
thereby decreasing the effective target detection area S1 
(Width along the detecting direction). Hence, the printer 3 
can suppress the effects of disturbance and can loWer detec 
tion error. In this embodiment, since the direction in Which 
the carriage 11 moves is the same as the WidthWise direction 
of the paper P, the printer 3 can improve the accuracy for 
detecting both ends of the paper P in the WidthWise direction. 
As described above, according to the present embodi 

ment, the media sensor 68 includes the cap 85, With the 
common opening 85b for restricting the beam spread of light 
emitted from the light-emitting element 82 and the range of 
light receivable by the light-receiving element 83, While 
suppressing the effects of disturbance. Accordingly, the 
media sensor 68 can prevent a decline in detection accuracy 
While using inexpensive elements With loW directivity. Since 
the light-emitting element 82 and light-receiving element 83 
are oriented perpendicularly to the paper P, the media sensor 
68 is superior to sensors equipped With elements disposed at 
an angle to the paper P by avoiding a decline in detection 
accuracy caused by errors in the angular positioning of the 
elements, errors in angular positioning of the sensor itself, 
and the like, and by reducing the space required in the sensor 
to dispose the elements, thereby reducing the siZe of the 
sensor. 

<Modi?cations> 
The above-description is for the case Where it is desired 

to improve the precision for detecting the left and right edges 
of the sheet of paper P. HoWever, When it is desired to 
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improve the precision for detecting the leading edge of the 
sheet of paper P more than the precision for detecting the left 
and right edges of the sheet of paper P, the media sensor 68 
is provided on the print head 10 such that the light-emitting 
element 82 and light-receiving element 83 are aligned in a 
direction perpendicular to the moving direction of the car 
riage 11. In other Words, the light-emitting element 82 and 
light-receiving element 83 are aligned in the direction in 
Which the paper P is conveyed by the paper conveying 
mechanism 14. In other Words, the light-emitting element 82 
and light-receiving element 83 are aligned With the second 
scanning direction as shoWn in FIG. 6(d). Accordingly, the 
Width LW of the effective target detection area S1 of the 
media sensor 68 in the detecting direction is small relative 
to the length Lh. Thus, the light-emitting element 82 and 
light-receiving element 83 are arranged to shorten the 
dimension of the paper P passing through the target detec 
tion area S1. 

Hence, the printer 3 can reduce the effective target detec 
tion area S1 of the media sensor 68 and suppress the effects 
of disturbance, thereby reducing detection error. The car 
riage 11 is moved in the same direction as the WidthWise 
direction of the paper P. It is possible to improve the 
accuracy in detecting edges of the paper P on the lengthWise 
ends (leading edge and trailing edge). 

To improve the precision for detecting both left and right 
edges and leading and trailing edges of the paper P, it is 
preferable to provide the print head 10 With tWo media 
sensors 66, each having its light-emitting and light-receiving 
elements aligned in the appropriate direction for improving 
the detection accuracy for each edge. That is, one of the tWo 
media sensors 68 is disposed With its light-emitting and 
light-receiving elements 82 and 83 being aligned as shoWn 
in FIG. 6(a) in the carraige conveying direction (?rst scan 
ning direction) that is perpendicular to the sheet conveying 
direction (second scanning direction) This improves the 
detection accuracy for left and right edges of each edge. The 
other media sensor 68 is disposed With its light-emitting and 
light-receiving elements 82 and 83 being aligned as shoWn 
in FIG. 6(d) in the sheet conveying direction (second scan 
ning direction). This improves the detection accuracy for 
leading and trailing edges of each edge. 

In such a case, the media sensors 68 can detect the leading 
edge of the paper P in the direction that the paper P is 
conveyed by the paper conveying mechanism 14 and the left 
and right edges of the paper P. By detecting the leading edge 
and the left and right edges of the paper P With the media 
sensors 68, the printer 3 can suitably detect the siZe of the 
paper P. The printer 3 can also appropriately detect the 
current position of the paper P based on the detected position 
of the leading edge of the paper P detected by the media 
sensor 68 and the amount that the paper P is conveyed by the 
paper conveying mechanism 14. By appropriately determin 
ing the siZe and position of the paper P, the printer 3 can 
accurately set the position for performing a printing process 
on the paper P and can print on the paper P With accuracy. 

The media sensor is not limited to one having a single 
opening formed in the bottom portion of the cap, but can be 
provided With a cap having a plurality of openings. 

FIG. 8 is an explanatory diagram illustrating the cross 
sectional structure of a modi?cation of the media sensor 68 
(Which Will be referred to as a second media sensor 91 
hereinafter). The second media sensor 91 is provided With a 
cap 93 (Which Will be referred to as a second cap 93 
hereinafter) having tWo openings. 
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The second media sensor 91 is the same as the media 
sensor 68 of the above-described embodiment except that 
the second cap 93 is used in place of the cap 85. 

The second cap 93 is cylindrical in shape and has a bottom 
Wall portion 93a. The second cap 93 is capable of accom 
modating the main sensor unit 80. The main sensor unit 80 
is mounted in the second cap 93. An emission opening 93b 
for allowing the passage of detecting light and a reception 
opening 930 for alloWing the passage of re?ected light are 
formed through the bottom Wall portion 9311. Each of the 
emission opening 93b and the reception opening 930 is 
circular in shape and has an inner diameter Xg of 2.0 mm. 

Since the light-emitting element 82 has high directivity 
near the center of the element, the brightness near the center 
is high. Similarly, since the light-receiving element 83 has 
high directivity near the center of the element, the light 
receiving sensitivity near the center is high. Accordingly, the 
media sensor 91 having the second cap 93 With openings 
93b, 930 of inner diameters Xg approximately 2.0 m can 
obtain the same output as the media sensor 68 having the cap 
85. 

The second cap 93 is con?gured such that a thickness Xh 
of the bottom Wall portion 93a is 1.0 mm and the interior 
distance Xe from the inner surface of the bottom Wall 
portion 93a to the end surface 81a of the main sensor unit 
80 (?ller material 81) is 5.0 mm. 

The second media sensor 91 is mounted on the sensor 
mounting unit 10e so that an outer distance Xf from the outer 
surface of the bottom Wall portion 93a to the platen 17 and 
the paper P is 5.0 mm. 

The center of the emission opening 93b falls on an 
imaginary line 93bc that is perpendicular to the surface of 
the paper P and that extends from some point in a ?rst line 
segment L1. The ?rst line segment L1 extends from the 
center point of the emission portion 82a to the center point 
of the line segment L0 that connects the center of the 
emission portion 82a and the center of the light-receiving 
portion 83a. 

Similarly, the center of the reception opening 930 is 
positioned on another imaginary line 930 that is perpendicu 
lar to the surface of the paper P and that extends from some 
point in a second line segment L2. The second line segment 
L2 extends from the center point of the light-receiving 
portion 83a to the center point of the line segment L0. 

FIG. 9 is an explanatory diagram illustrating a target 
detection area S3 of the second media sensor 91. The target 
detection area S3 is the area in Which an irradiation area s3a 
of detecting light irradiated by the light-emitting element 82 
and restricted by the emission opening 93b overlaps a 
light-receiving area S3b from Which re?ected light regulated 
by the reception opening 930 can be received by the light 
receiving element 83. The target detection area S3, the 
irradiation area S311, and the light-receiving area S3b are 
de?ned on the imaginary plane, on Which the sheet of paper 
P and the platen 17 are located. 

The second media sensor 91 is provided With the openings 
93b and 930, Which correspond to the elements 82 and 83, 
respectively. By varying the siZe of the openings 93b and 
930 according to the application of the sensor 91 and the 
measuring environment, it is possible to regulate indepen 
dently the amount of detecting light that passes through the 
opening 93b and the amount of re?ected light that passes 
through the opening 930. Therefore, the second media 
sensor 91 can improve detecting precision by making it 
possible to set appropriate values for the amount of detecting 
light that passes through the opening 93b and for the amount 
of re?ected light that passes through the opening 930 indi 
vidually. 

While the invention has been described in detail With 
reference to the speci?c embodiment thereof, it Would be 
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18 
apparent to those skilled in the art that many modi?cations 
and variations may be made therein Without departing from 
the spirit of the invention, the scope of Which is de?ned by 
the attached claims. 
The applications of the media sensor 68 are not limited to 

printers, but also to other various data processing devices 
including copiers, scanners, and facsimile devices. In these 
devices, detection accuracy can be improved for detecting 
the paper siZe of an original being scanned. For example, a 
scanning mechanism for scanning the original to acquire 
data of text, graphics, images, and the like from the original 
P is mounted on the carriage 11. The scanning mechanism 
therefore moves together With the carriage 11 and performs 
a data acquiring process. Both of the scanning mechanism 
and the print head may be mounted on the carriage 11. 

Further, the outer diameters of the light-emitting and 
light-receiving elements 82, 83 are not limited to 2.2 mm, 
but can still improve detection accuracy When they are set 
Within a range of 2.0 to 2.4 mm. 

In the embodiment described above, the media sensor 68 
is mounted on the print head 10, but the media sensor 68 can 
also be directly mounted on the carriage 11. 

Further, the carriage 11 is not limited to a construction for 
supporting the print head 10, but the print head 10 and the 
carriage 11 can also be formed integrally. Because the media 
sensor 68 has the cap 85, it is possible to prevent the 
light-emitting element 82 and light-receiving element 83 
from becoming soiled by the spray of ink droplets or mist, 
thereby preventing a decline in accuracy caused by adhering 
ink droplets and the like. Further, the cap 85 can suppress a 
decline in detection accuracy caused by the effects of 
disturbance light from outside the paper P. 

In the above description, the light-emitting element 82 
and the light-receiving element 83 are disposed so that the 
distance from the light-emitting portion 82a to the Wall 
portion 85a is approximately equal to the distance from the 
light-receiving portion 83a to the Wall portion 8511. How 
ever, the distance from the light-emitting portion 82a to the 
Wall portion 85a may be different from the distance from the 
light-receiving portion 83a to the Wall portion 8511. In such 
a case, a distance from the opening 85b to the paper P may 
be substantially equal to either one of the distance from the 
light-emitting portion 82a to the Wall portion 85a and a 
distance from the light-receiving portion 83a to the Wall 
portion 85a. 
What is claimed is: 
1. A re?ection-type optical sensor for detecting an object, 

the sensor comprising: 
a light-emitting element having a central axis extending in 

a predetermined direction that extends substantially 
normal to a surface of an object to be detected and 
having a light-emitting portion that emits a detecting 
light onto the surface of the object, the detecting light 
traveling toWard the surface of the object to de?ne an 
irradiated region on the object; 

a light-receiving element having a central axis extending 
parallel With the central axis of the light-emitting 
element and having a light-receiving portion that 
receives a re?ected light that has re?ected off a detect 
ing region on the object, the detecting region and the 
irradiated region overlapping at an overlapping region 
on the surface of the object, the irradiated region having 
a remaining irradiated region other than the overlap 
ping region of the irradiated region, the detecting 
region having a remaining detecting region other than 
the overlapping region of the detecting region; and 

a restricting member having a restricting portion de?ning 
an opening that alloWs a part of the detecting light and 
a part of the re?ected light to pass therethrough, the 
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restricting portion restricting a size of the opening to 
reduce an area of the overlapping region on the surface 
of the object, 

the irradiated region corresponding to an area on the 
object that is projected by the detecting light through 
the opening, 

the detecting light re?ected from the irradiated region 
having an overlapping light that is re?ected from the 
overlapping region of the irradiated region and a 
remaining detecting light that is re?ected from the 
remaining irradiated region, 

the light receiving portion receiving through the opening 
the overlapping light that is re?ected from the overlap 
ping region, and 

the restricting portion preventing the remaining detecting 
light from reaching the light receiving portion. 

2. A re?ection-type optical sensor according to claim 1, 
Wherein the light-emitting element has a light-emitting end 
that confronts the object and that is located on the central 
axis of the light-emitting element, the light-emitting portion 
being located on the light-emitting end and having a prede 
termined directivity that de?nes the irradiated region on the 
object; and 

Wherein the light-receiving element has a light-receiving 
end that confronts the object and that is located on the 
central axis of the light-receiving element, the light 
receiving portion being located on the light-receiving 
end and having another predetermined directivity that 
de?nes the detecting region on the object. 

3. A re?ection-type optical sensor according to claim 1, 
Wherein the light-emitting element emits the detecting light 
at an emission angle toWard the irradiated region on the 
surface of the object, 

the light-receiving element receives the re?ected light at 
a light-receiving angle from the detecting region on the 
surface of the object, and 

the restricting portion decreases the amounts of both of 
the emission angle and the light-receiving angle. 

4. A re?ection-type optical sensor according to claim 1, 
Wherein the restricting member includes a Wall portion that 
is located betWeen the object and the light-emitting portion 
and the light-receiving portion. 

5. A re?ection-type optical sensor according to claim 4, 
Wherein the light-emitting element and the light-receiving 
element are disposed, With a distance from the light-emitting 
portion to the Wall portion being approximately equal to a 
distance from the light-receiving portion to the Wall portion. 

6. A re?ection-type optical sensor according to claim 4, 
Wherein the Wall portion is formed With a single opening for 
alloWing the passage of both of the part of the detecting light 
and the re?ected light; and 

the center of the single opening is positioned on a line that 
extends substantially normal to the surface of the object 
from an approximate center of a line segment that 
connects the light-emitting portion to the light-receiv 
ing portion. 

7. A re?ection-type optical sensor according to claim 6, 
Wherein the single opening is circular in shape. 

8. A re?ection-type optical sensor according to claim 7, 
Wherein the light-emitting element and the light-receiving 
element are each substantially of a cylindrical shape extend 
ing along a corresponding central axis; outer diameters of 
the light-emitting element and the light-receiving element 
are each Within a range of 2.0 to 2.4 mm; a distance betWeen 
the light-emitting portion and the light-receiving portion is 
2.8 mm; distances from the light-emitting portion to the Wall 
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portion and from the light-receiving portion to the Wall 
portion are each 5.0 mm; and the single opening has an inner 
diameter of 2.5%.5 mm. 

9. A re?ection-type optical sensor according to claim 4, 
Wherein the Wall portion is formed With a plurality of 
openings, the plurality of openings including one emission 
opening for alloWing passage of the part of the detecting 
light and a reception opening for alloWing passage of the 
part of the re?ected light; 

the center of the reception opening is positioned on 
another line that is substantially normal to the surface 
of the object and that extends from a point in a third line 
segment, the third line segment being de?ned betWeen 
the light-receiving portion and the center point of the 
second line segment. 

10. A re?ection-type optical sensor according to claim 1, 
Wherein the restricting member includes a cap member, the 
light-emitting element and the light-receiving element being 
mounted inside the cap member, the cap member having a 
Wall portion that is located betWeen the object and the 
light-emitting portion and the light-receiving portion, the 
Wall portion being formed With at least one opening for 
alloWing passage of the part of the detecting light and the 
part of the re?ected light. 

11. The re?ection-type optical sensor according to claim 
1, further comprising: 

a holding member that holds the light-emitting element, 
the light-receiving element, and the restricting member, 
the light-emitting element and the light-receiving ele 
ment being arranged in an arranged direction; and 

a position changing unit that changes a relative position 
betWeen the holding member and the object in the 
arranged direction. 

12. The re?ection-type optical sensor according to claim 
1, Wherein the overlapping region has one Width in an 
aligned direction, in Which the light-emitting element and 
the light-receiving element are aligned, and another Width in 
another direction that is perpendicular to the aligned direc 
tion, the one Width being shorter than the another Width. 

13. A carriage for moving over an object and for detecting 
the object, the carriage comprising: 

a moving member that moves over the object; and 
a detecting unit that is provided on the moving member 

and that detects the object to determine a position of the 
object, the detecting unit including a re?ection-type 
optical sensor, the re?ection-type optical sensor includ 
mg: 

a light-emitting element having a central axis extending in 
a predetermined direction that extends substantially 
normal to a surface of the object to be detected and 
having a light-emitting portion that emits a detecting 
light onto the surface of the object, the detecting light 
traveling toWard the surface of the object to de?ne an 
irradiated region on the object; 

a light-receiving element having a central axis extending 
parallel With the central axis of the light-emitting 
element and having a light-receiving portion that 
receives a re?ected light that has re?ected off a detect 
ing region on the object, the detecting region and the 
irradiated region overlapping at an overlapping region 
on the surface of the object, the irradiated region having 
a remaining irradiated region other than the overlap 
ping region of the irradiated region, the re?ecting 
region having a remaining re?ecting region other than 
the overlapping region of the re?ecting region; and 

a restricting member having a restricting portion de?ning 
an opening that alloWs a part of the detecting light and 




